Introduction
In recent decades, the use of drugs and techniques that ensure appropriate anesthesia and pain control have been the subject of intense discussion. The assessment of pain in animals is based on both the physiological parameters and the behavioral aspects, and because of their subjectivity, these assessments are difficult to perform (BRONDANI et al., 2004; PAOLOZZI et al., 2011; POHL et al., 2011; LANDA, 2012; MORGAZ et al., 2013) . Physiological parameters are critical to the assessment of pain, especially during the transoperative period, and include, among other variables, heart rate (HR), respiratory rate (F), body temperature (T, ºC), and blood pressure (BP) (BRONDANI et al., 2004; LANDA, 2012) . Postoperative pain is also diagnosed based on an evaluation of behavioral characteristics, using methods such as the visual analogue scale (VAS). The VAS is a line measuring 10 cm, with marks at the two ends corresponding to no pain and worst pain possible (CARREGARO et al., 2010; POHL et al., 2011; LANDA, 2012; SOUZA et al., 2013; TEIXEIRA et al., 2013) . This scale is routinely used in postoperative evaluation of various surgical procedures, one of which is ovariosalpingohysterectomy (OSH) (CARREGARO et al., 2010; POHL et al., 2011; ADAMI et al., 2012; MORGAZ et al., 2013; TEIXEIRA et al., 2013) .
OSH is routinely performed in veterinary medicine, mainly as a procedure for population control in animals (POHL et al., 2012) . It causes mild to moderate pain during the trans-and postoperative periods (FLOWER et al., 2012; PEREZ et al., 2013) . Therefore, it is of paramount importance that the anesthetic protocol and the analgesic used during surgery are effective. It is essential that they be administered in a balanced manner through a combination of techniques and drugs in order to reduce the adverse effects (TONNER, 2005; BASSO et al., 2008; TEIXEIRA et al., 2013) . The premedication (MPA) often used includes phenothiazines such as chlorpromazine. Phenothiazines cause an antiemetic effect by blocking the neurotransmission of serotonin and dopamine in the central nervous system (CNS), causing sedation, muscle relaxation, and possible hypothermia. Its primary side effect is related to hypotension with reflex tachycardia. However, at low doses the effect is virtually absent (ARENA et al., 2009 ).
Volatile and intravenous anesthetics are widely used in veterinary medicine, prominent among which are propofol and isoflurane. These anesthetics cause dose-dependent cardiovascular and respiratory depression (BARBOSA, 2007; BORGES et al., 2008) . When combined with opioids, they reduce the adverse effects, thereby providing an improved and balanced anesthetic effect (TONNER, 2005; ADAMI et al., 2012) . Epidural anesthesia is a locoregional technique used in multimodal (or balanced) anesthesia (TONNER, 2005; BASSO et al., 2008; PEREZ et al., 2013; SOUZA et al., 2013) . It is capable of providing analgesia and muscle relaxation in the retroumbilical region (SOUZA et al., 2013) and causes minimal cardiorespiratory changes. It also improves control over postoperative pain, reduces transoperative stress (ALBUQUERQUE et al., 2010) , is safe and efficient, and can reduce the concentration of inhaled anesthetic required for the maintenance of proper anesthesia (VALVERDE, 2008; ITAMI et al., 2011; BOSMANS et al., 2011; NATALINI et al., 2011) .
The biggest disadvantages of epidural (ED) anesthesia are its localization in the retroumbilical region and its short anesthetic duration when used as a local anesthetic only (ISHIY et al., 2002) . Lidocaine and bupivacaine are commonly used in veterinary medicine. Ropivacaine, a pure S enantiomer, provides significant advantages over its precursor, bupivacaine, including reduced motor nerve blockade, lower-intensity action on the fibers responsible for motor action, and lower cardiotoxicity. However, its use is limited because of its high cost ( VAN DE VELDE et al., 2007; SILVA et al., 2008; ALBUQUERQUE et al., 2010; SOUZA et al., 2013) . Local anesthetics, which produce sensory block and immediate engine, when combined with ED opioids, increase the duration and intensity of analgesic effect, contributing to the acceleration in the postoperative recovery of the animal (VALADÃO et al., 2002; BASSO et al., 2008) .
Opioids, in turn, relieve somatic and visceral pain by blocking the nociceptive impulses without interfering with the sensory and motor functions and the functioning of the sympathetic nervous system (COUSINS; MATHER, 1984) . Epidural morphine, fentanyl, methadone, and tramadol are commonly administered. Tramadol is an atypical opiate, which in addition to binding to the opioid receptors, inhibits the reuptake of norepinephrine and serotonin (GUEDES et al., 2002; BASSO et al., 2008; BORGES et al., 2008; MCMILLAN et al., 2008; SILVA et al., 2008; ITAMI et al., 2011) . It also exhibits local anesthetic action by blocking the sodium channels in nociceptive C fibers and A-delta (BASSO et al., 2008; KARGI et al., 2008) . Tramadol does not cause severe hypotension and histamine release (MARUCIO; COTES, 2012). It produces minimal depressant effects in the CNS and cardiorespiratory system, observed in other opioids, and features a postoperative analgesic effect for 4 to 12 hours, similar to morphine (GUEDES et al., 2002; BASSO et al., 2008; KARGI et al., 2008; MCMILLAN et al., 2008; PAOLOZZI et al., 2011) .
The combination of drugs for ED anesthesia tends to result in the potentiation of anesthetic and analgesic effects, reduction in the side effects from the isolated use of drugs, as well as a reduction in the required dose and toxicity (VALADÃO et al., 2002; CASSU et al., 2008; SILVA et al., 2008; ALBUQUERQE et al., 2010; REGALIN et al., 2014) . Ropivacaine when combined with an opioid analgesic is efficient, but when administered alone is not able to provide adequate analgesia during an orthopedic surgical procedure (ADAMI et al., 2012) . A small volume (0.2 ml·kg -1 ) does not provide the suitable blocking time required for conducting OSH and therefore requires intraoperative analgesic rescue (ALBUQUERQUE et al., 2010; REGALIN et al., 2014) .
Given the beneficial effects of tramadol and ropivacaine and the lack of studies evaluating the use of their combination in dogs, we aimed to compare the cardiorespiratory and analgesic effects provided by ED tramadol, ropivacaine, and the tramadolropivacaine combination during the trans-and postoperative periods. We also evaluated the effect of anesthetic concentration of isoflurane during surgery in bitches undergoing ovariohysterectomy.
Material and Methods
The Ethics Committee on Animal Use (CEUA) of the Federal University of Mato Grosso (UFMT) approved this study (Nº23108.025549 protocol / 13-8). The owners authorized the participation of animals in research by signing the consent form.
The studied included 24 mongrel female dogs, with a mean age of 4 ± 2 years and average weight of 14.66 ± 8.1 kg from the routine patients at the Veterinary Hospital (HOVET) of the Federal University of Mato Grosso (UFMT), Cuiabá campus. The animals were considered clinically asymptomatic by clinical and laboratory tests (blood count, creatinine, and ALT) and classified as ASA I, being discarded or lactating female estrus.
The animals were deprived of solid food and water for at least 12 and 2 hours, respectively. They were catheterized in the cephalic vein and infused with lactated Ringer's solution (Ringer lactate 500 mL Equiplex, Goias, Brazil; 10 ml·kg -1 ·h -1
) and the anesthetic drug cephalothin (sodium cephalothin, 200 mg·ml -1 , ABL Brazil Antibiotics, São Paulo, Brazil; 30 mg·kg -1 ) 30 minutes before the start of anesthesia.
After 15 minutes of premedication (MPA) with chlorpromazine (chlorpromazine, Hypofarma, Minas Gerais, Brazil; 0.5 mg·kg -1 , IV), the animals were placed under anesthesia with propofol (Propofol 10 mg·ml -1 , Provive®, Meizher Biopharma S / a, São Paulo, Brazil) in dose effect, to allow intubation with a probe of an appropriate diameter. Anesthesia was maintained under spontaneous ventilation with 1.5 volume percent (v%) isoflurane (Isoforine®, 100 mL, Cristália, São Paulo, Brazil) and a diluent flow of 100% oxygen. This anesthetic system was determined to be suitable based on the animal's weight. Anesthetic concentration was reduced by 0.5% (v%) when the HB or systolic blood pressure (SBP) decreased by 20% compared to baseline.
At the start of the maintenance period, the animals were randomly distributed into three groups (each n = 8). One group was administered ED tramadol (GT group; tramadol hydrochloride, 50 mg·ml -1 , Teuto's, Goiás, Brazil; 2 mg·kg -1 ), the second group received ED ropivacaine (GR group; ropivacaine Ropi®, 7.5%, Cristália, São Paulo, Brazil; 1.5 mg·kg -1 ) and the third group received a combination of GT-GR (GTR group; in the above mentioned doses). Drugs were diluted in sterile injection water (water for injection, 10 ml, Isofarma, Ceará, Brazil) to a fixed final volume of 0.4 ml·kg -1 (CASSU et al., 2008) , which was administered epidurally in the lumbosacral region (LS) according to the methodology described by Jones (2001) . The animals were kept in sternal recumbency for five minutes and then repositioned in the supine position for the surgery, which started 15 minutes after the application of ED anesthesia.
OSH for all the groups was performed using the two-clamp technique with a pre-set time for each surgical stimulation step, ending 45 minutes after ED anesthesia. The same surgical team performed all OSH procedures. The dogs were wrapped under a thermal mattress (Ortovet®, Styllus term, São Paulo, Brazil) during surgery to maintain the body temperature within the appropriate limits.
The variables were evaluated 15 minutes after premedication (MMPA) and immediately after the ED block (M0) before the application of any medication (MB). During the transoperative and postoperative assessment, the time points for evaluation after the ED block were related to surgical stimulation as follows: M20 (20 minutes; arteriovenous complex ligation of the left ovary), M25 (25 minutes; arteriovenous complex ligature of the right ovary), M30 (30 minutes; ligation of the uterine stump), M45 (45 minutes, end of skin suture). M60, M120, M180, M240, M300, M360, and M420 correspond to evaluation at 60, 120, 180, 240, 300, 360, and 420 minutes respectively (Figure 1 ).
At all time points, the body temperature (T, °C) was evaluated using a rectal thermometer. The values were digitally recorded using a multiparameter monitor while the animal was anesthetized and, with a digital thermometer when it was conscious. The heart rate (HR), in beats per minute (bpm), was measured using a stethoscope. The SBP, in millimeters of mercury (mmHg), was measured in triplicate using a noninvasive oscillometer whose cuff size is equal to 1/3 the circumference of the limb. The oscillometer was positioned above the metacarpal region of the right forelimb. The respiratory rate (f), in strokes per minute (mpm), was determined by the number of thoracic excursions per minute, through direct observation of the ribcage expansion. During the transoperative period, parameters were directly recorded using a multiparameter monitor. The carbon dioxide concentration at the end of exhalation (ETCO 2 , in mmHg), was evaluated with the main flow sensor coupled between the endotracheal tube and the anesthetic system. The oxygen saturation of hemoglobin (in %), was measured using pulse oximetry (SpO 2 ). The transmitter / sensor adapted in the language of each animal and expired fraction of isoflurane (FEISO) was expressed in volume percentage (v%).
The blood gas analysis was performed on an arterial blood sample (0.5 ml), collected directly by puncturing the left metatarsal artery with a previously heparinized insulin syringe (Hepamax-S®, 5000 IU mL -1 , Blau, São Paulo, Brazil). The sample was analyzed immediately after collection. We evaluated the partial pressure of oxygen in arterial blood (PaO 2 , in mmHg), partial pressure of carbon dioxide in arterial blood (PaCO 2 , in mm Hg), oxyhemoglobin saturation in arterial blood (SpO 2 , in %), and hydrogenionic potential (pH) at four different time points (M0, M25, M45, and M120).
The same observer evaluated the degree of analgesia after ED every 60 minutes for 420 minutes or until the time of rescue analgesia. The observer was unaware of the treatment used, which was based on the results from the VAS, where zero meant no pain and 10 indicated the worst pain imaginable. As mentioned earlier, the VAS scale is based on the behavior of each animal. Patients were observed prior to the administration of any drug and the behavior was compared to that demonstrated during the postoperative period. During both time periods, the behavioral evaluation of the animals was performed with and without interaction with the viewer.
In animals that showed a 20% increase in HR and SBP compared to the baseline value and an EVA graduation equal to five, analgesia was maintained with morphine rescue (Dimorf®, 10 mg ml-1, Cristalia, São Paulo, Brazil; 0.2 mg·kg -1 IM), and further evaluations were stopped. Meloxicam (Maxicam® 20 mg·ml -1 , thin gold, São Paulo, Brazil; 0.2 mg·kg -1 , IM) was administered after 420 min on the day of ED anesthesia or at the time of analgesic rescue. The same dose was administered for three consecutive days as postoperative analgesic (0.2 mg kg -1 , orally).
This study is based on a completely randomized design, using a split-plot time scheme. Data were analyzed using a one-way analysis of variance (ANOVA), followed by a Scott-Knott test. Differences were considered statistically significant at p < 0.05. Table 1 shows that there the HR, SBP, and F reduced 15 minutes after application of chlorpromazine. These reductions are statistically significant only in the GR and GTR groups. According to Arena et al. (2009) , hypotension and reflex tachycardia are the main side effects of phenothiazines. However, we did not observe these effects in our study, probably due to the low dose administered. The reduction in these variables observed in this study can be explained by the tranquilizing effect on F (SILVA et al., 2008) .
Results and Discussion
Soon after induction (M0), a significant reduction was noted in SBP in the GTR group and in F in all the groups. These changes can be attributed to the respiratory depressant effect and cardiovascular propofol bolus (BARBOSA, 2007) . The change in SBP only in the GTR was due to the higher value at baseline, which could be caused by stress (ANDRADE, 2002) . Mean values after the induction varied between 135 and 140 mmHg in all groups and remained within the physiological range for the species. There were no significant differences between the groups.
During the transoperative period, there are no significant differences in T, HR, RR, ETCO 2 , and SpO 2 between the groups and at various time points (Table 1) . Similarly, there were no differences in PaO 2 , PaCO 2 , SatO 2 , and pH (Table 2) . Table  1 shows a statistically significant difference in SBP between the groups at M20. However, this difference is within the limits for this canine species (TEBALDI et al., 2012) . Though propofol and isoflurane are known to cause hypotension and respiratory depression (BARBOSA, 2007; BORGES et al., 2008) , no such effects were observed in this study. The effect of these drugs is dose-dependent and their side effects can be reduced by a combination of drugs or anesthetic techniques, as employed in this study (TONNER, 2005; BORGES et al., 2008) . We used the recommended dose of propofol with premedication and the concentration of isoflurane was below its minimum alveolar concentration, which is 1.4 v% (MASTROCINQUE et al., 2012) . The anesthetic concentration varies with the methodology and drugs used. Bosmans et al. (2011) maintained dogs under anesthesia using 1.8 v% isoflurane during orthopedic surgery along with epidural methadone and ropivacaine or a combination of methadoneropivacaine. While Mastrocinque et al. (2012) used 1.4 v% isoflurane in bitches undergoing OSH along with ED tramadol combined with lidocaine. According to Valadão et al. (2002) and Natalini et al. (2011) , general anesthesia combined with locoregional epidurally administered prophylactics with opioids and local anesthetics decreases inhalational anesthetic concentration required to maintain adequate anesthesia during the surgical procedure. This hypothesis is verified by the results from the GTR group, where a significant reduction in FEISO at time points related to surgical stimuli (M25 to M45) is observed compared to other groups. The absence of cardiopulmonary changes between M20 and M45 reflects the elimination of nociceptive stimuli via the blockade of sympathetic fibers in the ED space by the local anesthetic. Tramadol, which is an atypical opioid, can also block sodium channels in sympathetic fibers (JONES, 2001; KARGI et al., 2008; VALVERDE, 2008; SMITH; LAUFER, 2014; SOUZA et al., 2013) . The doses and drugs used in the three groups were equally effective in controlling transoperative pain following OSH, as inferred from the observed tachycardia, tachypnea, or hypertension. According to Adami et al. (2012) , a similar dose of ropivacaine (1.0 mg kg -1 , ED) combined with isoflurane did not produce sufficient analgesia during invasive orthopedic surgery. On the other hand, in an experimental cranial cruciate ligament replacement surgery, isolated ED tramadol at a dosage of 1.0 mg kg-1 was efficient (GUEDES et al., 2002) . Other authors reporting on studies using ropivacaine and tramadol alone or in combination did not consider the analgesic effect during the transoperative period, and evaluated only the postoperative period (PAOLOZZI et al., 2011; MASTROCINQUE et al., 2012; MORGAZ et al., 2013; SOUZA et al., 2013) .
Hypothermia may occur during anesthesia due to the action of drugs on the thermoregulatory center (CASSU et al., 2008; SILVA et al., 2008) , reduction of body metabolism (EGER, 1984) , and sympathetic blockade caused by ED anesthesia (COUSINS; MATHER, 1984; CASSU et al., 2008; SILVA et al., 2008) . It can also occur due to exposure of the abdominal cavity (ISHIY et al., 2002; CASSU et al., 2008) . Hypothermia can reduce the cellular and humoral immunity and oxygen supply to peripheral tissues, thereby increasing the incidence of infection. It is, therefore, recommended that the body temperature should be maintained within the proper range using suitable alternatives (CORTOPASSI; FANTONI, 2010) . In this study, the body temperatures were maintained between 37.5 and 39.5 °C for anesthetized animals using a thermal mattress during the transoperative period. The short duration of the surgical procedure is also an important factor in maintaining the temperature. This method of maintaining body temperature was also used by Mastrocinque et al. (2012) to maintain the body temperature above 37.5 °C in animals subjected to inhalation anesthesia combined with ED anesthesia during OSH. The elevation of temperature, the use of thermal blankets or mattresses in contact with the patient, as well as the infusion of heated solutions can also be used (CORTOPASSI; FANTONI, 2010) . Failure to maintain the body temperature can cause hypothermia even when thermal mattresses are used in an operating room maintained at low temperatures (SILVA et al., 2008; NATALINI et al., 2011; CASSU et al., 2008) . In this study, in addition to the use of a thermal mattress, the temperature was increased by interrupting the cooling when the body temperature of the animal reduced.
During the postoperative period, a subjective method known as EVA was used for the assessment of pain. Other researchers (CARREGARO et al., 2010 , POHL et al., 2011 ADAMI et al., 2012; MORGAZ et al., 2013) have used the EVA scale in similar studies. The EVA scale is related to the physiological parameters FC and PAS in order to minimize the errors during interpretation (LANDA, 2012) . The pain is assessed before and after the administration of the drug by the same observer who was blinded to the treatments (CARREGARO et al., 2010; POHL et al., 2011 POHL et al., , 2012 PAOLOZZI et al., 2011; SOUZA et al., 2013) . Table 1 shows that the HR values at M120 and M240 and the F values at M180 and M240 are higher for the GR group. Similarly, the EVA values are also high at these time points for the GR group ( Table  3) . The lower analgesic efficiency is further verified by the largest rescue analgesia percentage at the M60 time point (Table 4) . No further evaluations were performed from the M300 time point, because 100% of the animals had already received rescue analgesic. The combination of tramadol with ropivacaine (GTR group) provided longer analgesia time since at the end of the evaluation, only 37.5% of the animals had received analgesia rescue, while in the tramadol group (GT) this percentage was 87.5%. There was a statistically significant difference between the postoperative analgesia time in the three groups (105, 217, and 382 min for the GR, GTR and GTR groups, respectively) ( Table  5) . These results confirm the findings obtained by Valadão et al. (2002) , who reported that the combination of opioids with local anesthetics acts on receivers at different locations, and prolongs the analgesic period. The values for rescue analgesia were based on an increase of at least 20% in HR and SBP from baseline values and an EVA degree equal to five (BRONDANI et al., 2004; CASSU et al., 2008; CARREGARO et al., 2010; NATALINI et al., 2011; POHL et al., 2012) . The animals in the GT group showed a duration of analgesia similar to that reported by Guedes et al. (2002) , who used ED tramadol (1 mg·kg -1 ) in dogs undergoing cranial cruciate ligament replacement and observed an analgesic effect for four hours. However, the method used by the authors to evaluate analgesia during the postoperative period is not known. Paolozzi et al. (2011) used tramadol at three different doses (1, 2, and 4 mg·kg -1 , IR) and observed analgesia for 12 h (evaluated using a composite scale) in dogs that underwent OSH. Vettorato et al. (2010) used tramadol at a dose of 2 mg·kg -1 , administered IV, and achieved satisfactory analgesia for 8 h in dogs undergoing orthopedic surgery (evaluated by the Glasgow scale). The differences in the duration of analgesia observed by different researchers can be attributed to the use of different scales for evaluation and surgical stimulus rather than the doses and routes (POHL et al., 2011; TEIXEIRA et al., 2013; REGALIN et al., 2014) . Table 3 . Mean values of pain intensity in bitches, measured using the visual analogue scale (VAS) following ovariohysterectomy under isoflurane anesthesia combined with epidural lumbosacral block using tramadol (GT group), ropivacaine (GR group), or a combination of GT-GR (GTR group) -Cuiaba / MT -2014. In the GR group, the mean duration of analgesia is identical to that observed by Feldman et al. (1996) cited in Albuquerque et al. (2010) . However, the duration is shorter than that reported by Adami et al. (2012) , which was 150 min in dogs undergoing orthopedic procedures (evaluated using the EVA and Glasgow scales). Nevertheless, the observed duration is similar to the mean duration of analgesia provided by ropivacaine (VALVERDE, 2008; MARUCIO; COTES, 2012) . In case of the combination of ropivacaine with opioids, the mean duration of analgesia observed in this study is about 6 h. This is longer than that reported by Silva et al. (2008) , who used a combination with tramadol (2 mg·kg -1 , DI) and observed a 4-h duration of analgesia in animals (evaluated through the Foley catheter 24 introduced via the rectum to the descending colon). Ropivacaine (0.3 ml·kg -1 , DI) combined with butorphanol (0.1 mg·kg -1 , DI) produced analgesia for an intermediate duration (308 min) in dogs subjected to OSH (ALBUQUERQUE et al., 2010) . Analgesia was maintained for longer durations when combined at a higher dose (0.26 mL·kg -1 , ED) with morphine (0.1 mg·kg -1 , ED) in cats subjected to the same surgical procedure (evaluated using multidimensional scaling) (REGALIN et al., 2014) . Table 4 . Descriptive analysis of the number of animals requiring postoperative analgesic rescue, during the experimental period (M60 to M420), using morphine and meloxicam, based on an evaluation using the visual analog scale (VAS). Bitches were subjected to ovariohysterectomy under isoflurane anesthesia combined with epidural lumbosacral block using tramadol (GT group), ropivacaine (GR group) or a combination of GT-GR (GTR group) -Cuiabá / MT -2014.
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M120 M180 M240 M300 M360 M420 Total  ------------------------------------Animals that received rescue analgesia (%) ------------------------------- Table 5 . Mean and standard deviation of analgesia duration during the postoperative period (M60 to M420), evaluated using the visual analog scale (VAS), in bitches subjected to ovariohysterectomy under isoflurane anesthesia combined with epidural lumbosacral block using tramadol (GT group), ropivacaine (GR group) or a combination of GT-GR (GTR group) -Cuiabá / MT -2014. ED anesthesia is a safe and easy technique that provides adequate analgesia for retroumbilical surgical procedures. The duration of analgesia varies depending on the drug and the volume used (TONNER, 2005; REGALIN et al., 2014) . This technique should be employed more frequently in veterinary medicine, particularly in patients with a higher risk under general anesthesia, since it reduces the doses of such drugs.
Animal
Conclusions
The drugs used in this study can be considered safe and effective for the surgical technique in question due to cardiorespiratory stability and transoperative analgesia. In addition, the combination of ropivacaine and tramadol provided a greater reduction in inhaled anesthetic doses and better analgesia during the postoperative period.
